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*m ^12 ^7fl^ 711 ^^^Cf. 

TflojE ^-§-^ <£ ^ta Aj-oll *1 ^-^^r^ ol=^^] ^1 TIME 

^3E)lo]A^ 7 > ^^^Cf. # 7 ] ^11 7\A^r oH^5f£^- 711 Ol^ °H £5. 

-*m^ i-^s. oi^-^^i ^2 7flo]E ^3)H^7i- ^^4. ^11 ^*im 

A2 7l]o]E ^o^o] o]^ <^fl 7\}o)^9\. 7]}o)^ A\o]6]} ^o]^_ 

£ 3 
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■irfl^ ^l-EB} ^ ^fc^t! {Non-volatile memory device and Method of 

manufacturing the same} 

100 : 7l^r 101 : <^B]tL <3<* 

102 : 104 : #3.*g 7flo]H 

106 : 108 : ?iS# TlHm 

110 : 7fl o] e H2a : *«1 7lHM i^o]^ 

114a : *ll2 ?\]°}& ^o]x\ H6 : 

118 : 7 i<£^\ 120 : ^ ^£\a\o)^_ 
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<13> til £ ^ ^] 7 > Jl^^Sf *H n}-eh ^ -tf°fl *g^£|^ nfl^c) 3_ 7 ] 7} «u> 

#B^^^ ^i^l ui^- 7^ R C X|# xl<3 * IR #<5> ^ 7}i s}<%t±. 

, e^^aeIs] 7fl^]S ^-dtS. jL^Cshort channel effect) ^ 

^^^^(punchthrough)* 7fl ^7171 iflSfl iii/E^J °§ ^ 3^" ^(junction 
depth)* <£?)} ^^r^i ^X\o\) ^SL^/E.?-]}*} <3<*s>] 7]A g 7 )i$ i ^^cfl t^%> 
(sheet resistance) ^ ^ ^1 ^^a]?^ fit}. 
<14> o]ofl a}-Bf ( TllolM ^ 4i^^/=5fl^l i^o]] ^&)A>olc (silicide)1 . 

^(self-aligned silicide; salicide) ^^-s\- ^3^-^- a>-§-^ji 0^4. 

^^*f^ ^-^°]cf. °]*\& -^elA>o)c- ^s]A]-o}^.(TiSi 2 )M- 8^ ^e^r°l^- 

(PtSi 2 , PdSi 2 , CoSi 2 , ^ NiSi 2 ) ^-s] ^-^sL 
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<15> -Hj-15), A <H1 «g>$€ ^ ^S^, ^S-D TlHS, -Rr^ g Tfl 

o)S# ^Hls>^ ^ 7flo]H £i=. nfls.^ #*]oj| olO^A^, C]^> 

O.ljmrg- ^i^Ml rcfe} ^iELBfolo.^ afl^-S)^ 7)]o)E£| >] 

= (CoSi 2 )^- ^ ^^M^* ^^5>jl &th 

<ie> m^^i^e^ i^.^/^efl<y# i^*! 

^^^-S ^(read) ON- #^*}^ &*\]7\ 9lJL, 

(punchthrough) ^^1^1 #i£lJL ^-^ti^H iL-BKhot-carrier effect )7> IHJ*}^ 

#7] ^oje ^5flolA^ ol-g-s]-^ LDD ^CL^/=efl<y ^-1: 

^5}-#(Si 3 N4) 0 l *}-8-£M ^M", ^l?!-!- 0 ! 0.12/fln 

^ 7^ tW^e^oH ojsfi tS!-^ ^(coupling ratio)7} ^5>S)fe ^*fl7} 

o)e]^y m^\7] AJa]s ^^oji Hlsfl -B-^-i-oi aj-^. 

<17> ?1#^ 3l^(C/R)£ it^-H^ ^-^^1 ^ES- TflolEoll ol7>^ ^(VcgHl Sl^fl # 

S^J TflolE^. H^^Sl^ ^ojol Hl^SAi, 71 #^ 74KP71- fe^-lj- *fl^ £ ^ 
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^ 2002/11/12 



<i8> r" 

^ ONO ^ tunnel ^ spacer 

<19> ^7) ^(1)^.5. ^ 91^°}, ^l^r« M^l7| Co N o/Ctunnel^ 

til* ^M^l^M" 71^ 7fl3]lA]Ei^O] + ^0)X\ 7fl3flA]^^(C spacer )l- ^4lA]^0]: *lcf. 
?fl^A]^^ Hl^l*>7l nfl-.cH, ^jQo]X\ 7fl5fl^€^(C spac er)» #^7l7l ^ 

<20> Aj-7] ^ ^-^-i-ol ^ ^^o]^^. i^-s]-^ Irfl^ ^12.^ cfltlr 

afll-gr tfl§>n]^- ^- 7 fl J^S) 2001-496251, ^-If- 3012445 ^ 

^ 6,346,7255^1 7^151^ ^i^-. 

<21> £ la ^ 5. lbfe *>S*-#3. o]^^ Tfl o]e ^5)1 o]AH Af-g-^ ^sfl aj-^ofl o} 

$1 #$1^ oil 2. 5-1 ^l^^^-i: ^^^>7l ^t!r ^£t°14. 

<22> £ la!- , € <3^*r ^5)3. <^<** «VE*1] 7} #(10) ^cHl E-i & # 

3*^(12), 7flo]E(14) f o.^nV(l 6 ) ^ TIME (18)3. o] ^-O^ ^1 ^^7}}S] 

7flo]E ^^#(30)#* °H, ^7l TIME (14) * Tflol 

M(18)tt NIAS S^ig #5l^5l^#^3. ^ -s\JL , ^7) -fr*i^(16)^ 

<23> o|^, Aj-7) TljolE ^ s# (3 0 ) *g 71^(10) ^Hl S?-^- 7l# ^ 

(chemical vapor deposition) Hh^S. #3-^(20), ^sj-^KHTO)^ ^ 1200 

~1500A^1 tf-^S. f^^-. 

<24> f^O £i 7l#^ 7fl^# ^7VA]7l7l ^«flA^ 7flolE(l 4 )o^ ^Ef 7]] o] 

B(18)ofl ^|«fl ?fl5fl^m^(Co NO )l- #7>Al^O): S^C-fl, 7fl3flAlEi^ ^ *}o]] 
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K*o) ^ A>-g-£]jl olcf. 4^1, C]^0]-^0] #4l=H n)-2} 7flo]E ^# 

(30)^ ±to] 7 \ ^7>5>J1 TflojE ^S.7l nfl-g-ofl, t^Hec] ^ E w] (aspect 

ratio)7> Tl^Tfl ^Cf. o)<4 ^-o] 7flo)E o^i^EH]S. 7l^-(10) <?H1 

^>2}-^-(20)# ^^S, ^71 ^3^(20)^ 5L5L^°I l-^5>7l nfl-g-ofl 7l|o)ES} Til 

ojE A]-o)o]l iLolj=L (22 ) 7 }- ^^H, 7flo]E 7_>^ol ^ nflfi^ ^ <3 <3 o] 

<25> £ lbl" %^^V^, ^"71 ^5^(20)* o]w o V^ ^Z|s}<^ ^1-71 ^#^g Tflo] E 

^#(30)^ <# TflojE ^5llolA^(20a)l- 0 H*1, ^"71 7flo]E ^}o] 

-H(20a)l- °l^r<y 4i3S ol^-sH ±£-^/S.i\]°l °l^°J-§- ^a}^- * ; 
^o\] ^sf^s ^^(stopping layer)(24) ^ ^l^-^^l # 

# ^'S^-C inter layer dielectric layer; ILD)(26)^r ^^*r^. 

<26> cf-g-, ^-71 7-H#(24)£] ^^^(26)1- ^ 7}^m <£v\ 

(chemical mechanical polishing; CMP) ^^^-S- *\}7]*}; ^, ^7} fiMf: 7]}°}^(18)2] 

*\±r *L°]lE-(22)°\} <i|S}) TllolEc^. ^olE a}o]o] ofl^ja <g ^ §-*fl7} ^-^^ 

cj.. o]sq. ^-o] oflB]u. cg^o] o_-S-4g ^ElHH Dl^^Kparticle)^- *}s\-^^r *fl7i 

*}7] 3tr Afl^ ^l*}^, -S-^tt ^3* <^<>1 tH^ItII £4. 44*1, 

3tSSf ^ ^^}JL ^A}o)$)o]J£ al-g-oj] ?Ht TlH EL(i 8 ) °)d\] 

CoSi 2 «f 7 ^ ^ ^A}oli=f,(28)# <g>^ nfl, l-S^^fTfl ^£]<H# ^M. ^ 
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<27> ICj-eJ-A^ «V^o} ^ S-^o. n] o1 e^ pflolE A>olo,l ^.0^7]. ^ Aj £^ 3}-° ^ 

Xl^>o^ 3^o| ^e|A>ol^ol^ ^-^A] oflE^H. <3<*o} ^^ofl ^^A>o]c 7 ]. ^ £} 3} 

if 4-$] ^A\o]t\)o}^ on^ti &t£o\] ^A\o)^7\ *gs§S\±= ?A^r ^-7] 

^ ^ 91^ ^12-21 *l**Rr3| 5a4. 

<29> ^-#*V <H ^i5}7} ^}o^ ^ tiV^^fl 71^-; #7l 71^- 

9] o^oflA^ ^1 ^^0_S Wfl*]3:31 ^7) X| 1 <^«oll ^^fl *fl2 ^^H^r Al-7) 

7\}o}}S +3\}o]*\; ^ Aj- 7l 3.3 .g. nfl ^s|.cs- Aj- 7 j ^ojE ^^]o]Ai A^ofl ^ 

<30> a^^l^Tfl^, #7] ^11 Tfl^E ^uflo^^ ^*>ZL ^7} Z\}2 Tfl o] E i 

*)l°H^r ^SH^iiL «^^tf. 
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"^HH^r ^lll Hfl^]£]j7 ^-71 *U <£<*H <a^*l *fl2 ^^HH^r AV 7 1 *fll #3 

fe^ ^12 #3°.^ HH^)£]±r ^7fl5] TJlolM zfL S# - # ^*Hr #31; 

7\] o]*L 7- 3,% 9) <£ Aj-ofl Z\ %-&-§r°\ *d<£ %^S. °1^-<>1^1 *fll 71H£ i 

*)l°Hl- ^^*>^ ^711; ^ ^7] A}\ nfl^s>i^- ^7} m Tfl^lS ^nflo]^ aJ- 

«V ^sl-^-sl o]^ i3ilolA^( dua i spacer)^. 7)}°}^ tIHh a\o}^ |i 

#21% AJ-7] o)^ ^H^ofi nfl^W. 44^, Tines.}- ^ole Aj-olofl ;£ojj= 

7> t^Rr #4^H ^Mf4 ^4 ^4 TflolE^ ^jolM 

ElW. ^«^o] .$.-£51^ ^-g- ^ &4. 

<33> oi5> ( ^Jftj- sug-g; t^sl 4 ? e^^ ^M14 ^4:n.*l- 

4. 

<34> 3E. 2tt £ ^4 ^ ^aHHI -gr^l^ r%5-Z) ^^^ol^l, S. 3^- 

S. 2^1 AA' -^d^l 4-& ^12-Sl 
<35> je. 2 ^ .£ 3* #^4^, >i ^$4^4 ^H^4 i^.^/= ^€ 

^^(lOD-i-ci zi-4 5gi= ^«^oil sq^fl °1444 ^3. sg^l-Tfl ^1 ^44^4 

A]2 *$-%SL£. o>^-£l^ tifl«i€4. 
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<36> ^-7) <S«E}fcL <%mi01) ^o\]^r n7fl^ ^S.^ (108)1- °] <#7] A}2 ^0.3. 

aV^-sH Bfll^^ , 71^(100) ^-ofl s <+ 

5KK102), #3.fJ 7l|olE(i04), -fr^^-(106) ^ ^mt- 7j]olE( 10 8)^ 
TlMM ^£#(110)-§: <^1^ ^ Z\A<LS- °\A$\±= ^^^1(108)* 

^^(101)^ S'S^m ^^i/=efl<y <3<*(;£Al*}*l ^ 

<37> q^fg TflolE ^#(110)#^r XU ^mtfl ^lS-el € ^^H^ *fll #3 

(sl)AS Hfl^l^ji, 4>7l afll <g<*H ^l^tb X]2 <^|^lcfl ^r^5]^ ^ofl^Tr ^ 

7) afll ^(sl)J±4 ^^r *fl2 #3(s2)J5_3. afl^t}. 

<38> a o i- 7 | 3^ ^jojE ^#(no)S] <# ^^o]}^ X]l i*l|°H(112a) ^ X)2 

*1(114a)3. °l-?-<H2l Tfloje i^o^} A)l i*l°H(112a)^ *1 tt 

#-§r^ ^ Ji-^ ^1-^ ^-o. CVD-^VSI-I-S ^^Ji, *fl2 Tflo] 

<39> >a-7l XU 7flo]E ^5|lolAi(ii2a)fe ^-71 af| 1 #3(sl) iJH ^(gapH ^ 

li ^1, «>^2j€r>7ll^ °f 500A ^*fl5L *§^€4. 

<40> #7] X| 2 Tflole ^H^UlMa^ 7])o|Efif 7flo]E a}o)o) A)l #3(sl)# 

nfl^^s. fg^sH, hV^^tB^- ^71 xi 1 Tflols. ^5|)<>H(112aH *M ^) 
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<41> M. ^ofl <^V^, TflolESf TflojE A|.olS] 7^ ^flsflAlElic!] o] + 

■i:^ ^>s}-#S. ^-71 *fll 7|)o] M i3l)o)A^(112a) 7\\°)^$>\- ?\]e}E. 

41 #3(sl)^r $M "fl^ ^ Si^o] -O^V *|] 

2 711 o]e ^H*l(ll4a)-I- nJ-eM, ^ ^3}- a] tIHe^ ^o] 

— ^><^>H1 Jl<>-|t=7} «M9*r*l ^H^, ^^A>oldlo]^ ^-^Al ?)HM<4 TiHE A>olo] 

<42> £ 4a tfl^l £ 4f^ £ 2^ AA'^Hl n}-^, Srfl^Md *fl3-3 ^1^ H 0 V ^# ^ 

<43> £ 4a* %^s->^, >t^.-f e^l^l ^a}^ (shallow trench isolation; STI)sf 

^ ^^-i: -f-*fl «K£*fl 71^(100)* <*\z]* ^(S. 2^ fe^fjL 101)2}- € = 

<3<3iL^ ^^-tl-cf. ^7l ^= -g-^-S] -f-^- ^(Local oxidation of 

silicon; LOCOS) ^-^5. ^S. #5.^ TlH^ 6Hb)w. ^^-§- -§-aH] ^ 

^Hr 7V7|^!4g ^^.-f S^l^l 4iA>^- 5} (self-aligned shallow trench isolation; 
SA-STI) ^ ^£ 5a4. 

<44> o]<>H, A> 7 | 71^(100) ^] ^^rsl- ^O-S. ^s^K^f, 7flolM 

^-5}-^) (102)^: ^^T- a o > 7 1 A>5).DV (10 2)^- A>^.nV cr^ ^- A] u| 

<45> av 7] E ^ >£3^U02)°1 AVofl -^a]^ afe wl^^^el^o.^. 

TllolE^o. -2}-^ ^.Aj-o^ c^g ofl^rfl P0C1 3 3Kh o)£- 
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MlH! DflS-el ^.9] fl^ 7flo]E^ tflo]E^ X£_ZL*& ^ ^ ^^-A] rfc^. 

^o] -g-o}^- ^£(SiH 4 )4 ^^(PH 3 ) ?>^» *>-g-«H ^*Rr £M #51 

°\ 91-*) W E£I #e1^Bl^#^ a o v 7 ] E ^ ^^-(102)^1 *Hf-^£r ^ 

*>i, ^*cHH ^-^^ ^#*Rr wl^tf^ 

Hf^sMj^, #7) csf-^^ Aj-jjLu}- tMI^J 20-50% ^£^1 l^sfe 

<46> O]^^, Af^lAlZ]- f^O S Jgc cgo3 ^ ^ojE^-g- J^^H o]-0^]-^ 

nflS.^ #5.^ 7l)o]E^^- Ai^L ^A^J ^ ( AV^ -a^ ^o] -o- 

is}3i 3.90] Si0 2 ^4 7.0^1 ^ -^^l-ir-i- £tt Si 3 N 4 ^-°l 0N0 -R-^i 

^-(106)^- ^tH}. #7] -8-^^(106)^ ^ BL^r sj-^ 7^1 ^ 

<47> Aj- 7 | -H-^Bi-doe) Aj-ofl #e^^^s ol^o^^l ^es. ^olM 

^^W. °H-E-^ ^S* Tflol^^ THlojE^ jESZZ.^ ^ iTl -§-^ 

A] 7)&B) ^>l*Al7l7li4, TflolM ^ 3*}^ 7l # 

«i 01^7171 ^*fl Al^o] ^]7>Sl^ f^cf. O}-^, Aj- 7l ^ES. ^olE^^- 

^ P0C1 3 «1M- Ol^OjoU ^.g. AjA]^ ^0)4, Wl^Aj-O} O] 
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#HJ6.3. ^ S(furnace) l^e] SE-^r ^ <I^bKRTA)3. ^ 

Al^4. 3. ^^ej^l ^-f «J= 600°C-950°C^ -grS^l^i 30^ ^5. &*®%}^ , #4? 
«J= 800°C~1100°C^ £rIE<HH *l*§*Vfe a} 5 ^^}. 

<48> Af^AlZ]- ^-71 Tflo]^, -R-^^-(106) ^ tS^ TflolM^ 

S ?H ^^Jl^.*), #5^(102), #5.^ 7flolE(io4), -8-^^(106) ^ tmt- 

7HolE( 10 8)S. 7l]olE ^ S °-( 110 )-g- ^-^tlcf. ^"71 7flolE ^ 

#(110)1-^- *fll ^ , afl=?itfl v\)3.Z\ € ^^Htt *fll #3(sl)°-5- tifl^HlJl, <$7] 
<8*H *)12 ^ , ^tfl ^S)^. ^ erf 0)1 #71 *fll 7i^(sl)^-4 

^12 7>3(s2)°.3. wfl^l^^-. 
<49> s. 4bS ^2:^, 711 °H Bfl^-§- ^, S3J*1^# 

LDD ^1-71 ^ TljolE ^^j^g- ^l^^cf. 

<50> ^13^5., <$7) 711 o]e ^^#(110)1- ^ 71^(100) ^Hl *i -f}- # 

^5}-^ V (112)# TflolES. A |.o|^ ^o. ^ x .tV^( s i) tflo]] 4^0} 7 Jo] 

^€ *r ^SL°) y>^^*l-7ll^ 500 A ^£^1 ^^W. 

<5i> £ 4c« %^s>ia, ^-7] <4sf^(H2)^ °l H cHo ^^^M AA$\ =?- 

^§-#(110)^ <£ ^ ^ofl X| i 7flo]M ^511 o]a-]( H2a )# I^W. 
<52> a}7H, >g-7l <0:5l-ev(112)^r 3;*> 7fl^5>7l ifl €fl 0.4torr ^s>^ ^<£o\) 

^-^^1^ ^--8- ^TflS XI 1 TIME ^3flolA-|(n2a)l- *r 
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<53> ^, 71^(100) ^ TlMS ^2:1-1- (110) ^Hl *fll ^5j-^# ^ ^ S>ofl 

^ f^tb ^, ^"71 *fll ^Vsl-Sl-* Alz}-^ Zfzfo} ^0]^ ^^1- (HO)^ 

of ^ Aj-ofl aV^v inflolA^ ^^*Vnf, Aj- 7 ] 71^(100), 7flo]E 

#(110) ^ ^11 ^s}-^ ^5Ho]a^s. ^.ofl ^12 ^}^^ 0.4torr o]^£\ *\<S°\}*) 

^ , -#7} ^12 ^S^Kg- ^1^>^ ^1 A>^-rt Aj-ofl ^sj-^ ^HAi 

<54> j= 4d# Aj 7 j ^oje i5HolAKii2a), ajf^ Tfl^E ^ s#(110) 

^ 71^(100) ^Hl 5Li^o] o.^*V ^ni^ ofl^cfl Si 3 N 4 ^ ^3^(114)-!- 

^■7] -y-sKK 112)^4 ^ ^)J, u^aI^]^ ^ 400AS] ^A v ^4. 

<55> S. 4e# ^^V^, ^"71 ^2^(114)^: o]«j-Aj ^^}o^ a> 7 1 *fll TlMM ^sflo^ 

(112a) ^M] ^2 71]o]e ^5flo]Ai(n4a)-I- ^th}. °M , #7] ^12 tHo]e ^5)1 ojA^ 
(114a)^ *fll TflojM ^olAKmaHl ^£ *fll #3(sl) ^ ^ 33:^1 

U$h=K *fll TflolE ^sll o]a^ ( H2a) ^ *fl2 TflojE i3flolA-](ii4a)^) ^ 

o}*fl TllojESl- ^ojE a].o]^ ^ ^ 2 ^-^(sl) iflofl ^.o|c 7 |. ^A^*} 
, #7> *J<g^- Al^-^-^Al 7)1 o] ES^ Til o]E A>o]oj oB^ti. eg <*j o] 

3^ ^ H oM^- *r Ai4. ^Mf^ ^^AHc-Ho]^ ^aJa] a o V 7 ] ofl^y eg <*> 

oil Aj^Afo]£L#oi ^o HS) e^h^i^e^ i^s^ 3} -a- ^ 

<56> £ 4f# f2sl^, #7] *fll ^ Afl2 7)1 olM ^5fl o1a^( H2a, 114a)«- o^^oi ^ 
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<57> °1<>H, ^^1^(116)^ a^^l ^^^-(118)^: £W <£n>(CMP) 

^ilS. *)]7i*r ^-71 *]#^ tIHe ^Sl-(lOO)^ K^o] t#s]i^ ^<anv 
(118)-i- £^ ^4 ^-^ efl^l^^nf. 
<58> Z12J Cf^-, 71^(100) D ]^7r* til^fl ^<£# 2E^r ^e)^ ^ 

^ AVJ^-ir W ^ 413 ^8. <^mtfl ^(hydrofluoric 

acid; HF) ^ SC-l(Standard Cleaning; NH 4 0H£f H 2 0 2 ^ H 2 07l- 1:4:202} «1S -R- 

7l#)# O] Xj^ ^-g- ^A}^>J1 ( AV 7 1 71^(100)^- RF ^3] El ^Hlfil ^ ^ °fl 

4. 7|^-(100)^ o}^. ^ ^ * r <£ AHrJ.nl- z\}7]^7) fl*H RF # 

5^n> ^Altt 4 V 7) 71^(100)^ ^ofl «im^ j^E 

=]<H <3«H*1 ^N^lS- , TflolE ^si- (100), ^ 

(CoSi)S 

<59> o)6)x\ t v] uV-g-sJ ^f## ^ ^ ^AS ^171*1 ^, 2*} 1^ ^ 

A^H *fll ^4? ^E^M^* Aj. ^olAl^ *fl2 ^ ^ ^51^1 = (120), 

ofl^tfl ^ S^-S r4ol^^AVo]c(CoSi 2 )« ^^W. 
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<60> -S. ^^ofl ^sr]-^, 7llo]E ^5flolA^ -R-#-§T°l ^ ^^-3]- 
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7]&$i\ XU ^"^HH^r X]l tifl*]£]JL ^7) XU <g <*ofl <?]^*V XI 2 

O^oflA^ ^-7] X]l ^^.Uf Xl2 ?J^J^ afl^S)^ ^7flfil 7)lo]E zp. 

Zl-zVo] TflolE ^#o} ot a^tf ^o)l ^SjjL, #^5. 

o]=ol^l X| i XHS ^Xl°H; 

^"71 XI 1 ?J2>^ nfl^s>£^- #7l XI 1 TflolE ^Xl°H ^^U, Hi 

MS °1^<H^ ^2 X|o]M ^XH^i* ^wls)-^ *m 

2] 

^ll%H] A o v 7l XI 1 tIMM iXH*m ^:2]-l-S. ^"71 X12 XI °m 

^X]°l^ ^sj-^JL ^*Rr ^3-2.3. sf^ ^-fllH3 XlSe] 

[3^8- 3] 

^ltl A o V 7l XI 1 TllolM ^XH^ #71 X]l #3 vflXl ^o} ^ 

*r 91^ ^S.s] ^XIS. *§>8€ 3-§r 
4] 

*H3*<H1 91°]*], A oM XI 1 t1)o]e iXH*|^ 500 A ^-^}S. ^ 
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6] 
7] 

*fl6*<H aI°1*1, ^-7] TflolMfe $S^e1^*h ^^A>olcflolx| al^-oil cq 

m ^7l -t^^SlS^ #ofl ^A^ ^ ^^a>o]c^ S^-sffe 53^; If-^i^sL 
Irfl 1 ^ ^12- ^ 
8] 

[^^J- 9] 

cgcrfoflA^ Aj- 7 1 y-^ *)]2 tifl*l£^ ^7fl^ TflolM ^M-i- 
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A 7 A^\ TflolE ^%9\ ^ #oj| *1 -fr*!^ ;go§ #^3. °]-f-<^ 

#7] afll nfl^Bj-s.^. #7] 4l 7flo]E ^5flo]A^ #ofl ^-x]- JE5L#o] -f^*l 

*\$r 4S-^ 4^ w o Vl 3. 
10] 

^19#^1 afll 7flo)E i^ojA^ #5j-#5. tg^*>Jl #7) 42 7flo]E 

^ojA^ ^#*Rr 5}-§: ^^-5- «>*r Irfl^ ^1^^ #*1^ 42^. 
13 T 1 * 111 

49%H1 SA°1^, ^-71 4l 7flo]E ^5)1 o]a^ #71 41 7>3 vfl4 ^o] ^ 

#€ Sa-i- "*fl^ *8^*Hr 53* ^Hl-S-S ^ M^-# #*1^ *)2i 

12] 

aflll^ofl #71 ^1 TflolE aj|o]a^ 500A ^.Efil -^4^- *§#^r 53 # 

^^-S s}^ 42-2] #*1^ «f 
[^^J- 13] 

£ <S#«Rr 53 -§- l-?m# 43-3 #*]s] 
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[^t 1 * 14] 

0.4torr °lS>S} T^^oflA^ «§^*Hf- ^}-g- 3-$|*Hd #*l2l 

1 3RD- 15] 

»ll ^A*}^ ^%*% TflolM <£ ^rt Aj-ol] 

#7l *fll i*IM>MS Cj-Tjl; 

#71 7]^, TlH^- ^ ^<grt i^o}*^ ^ofl *|Jl ^DjE 

^^olA-^-g- ^2 ^<3^Kg- 0.4torr o]-5}cq z)<Qoi\*\ f^SRr #7?1 ; ^ 

#71 *fl2 °1" 0 M3 ^zJ-SH *fll ^<a^ i*|H>H ^2 ^ 

16] 

*)19%H1 5U<>H, #71 53^$ TflolJB 7flolE ; 
El #^1^1 ^3:« 0 T-^. 

27-21 



10200^59554 ^ 2002/11/12 

17] 

18] 



27-22 



10200^K9554 



^ 2002/11/12 



la) 



30^ 



18- 

16" 
14" 



^12- 




22 

J- 




/ 




z 




Z 



7! 





^30 



--10 



metals, g^- 



lb] 



30 ^ 




^30 



27-23 



1020C^^9554 



«a*>: 2002/11/12 



[51 2] 



108 



108 








101 



104 



101 



J 104 A' 



[51 3] 



110 




110 



100 



112a 114a 



1 1 4a 1 1 2a 



27-24 



10200^59554 



2002/11/12 



IS- 4a] 



110 



-108 y 

/ 

104^^ 

/ 



M02- 



S1 



V. 



z: 



S1 



ft 



|Z" 



S2 



Z" 



1 38- 

-1 36 
-1 34 

-1 32- 



110 



-100 



[5L 4b] 



110 



108. 

106- 
104" 

-102 



71 
/ 
/ 
Z. 

/ 
/ 



v 



z: 



G 

t 



-112 



[Z" 



7: 



z: 




7: 




Z" 



2- 



108- 



-106 

-104 
102- 



►110 



100 



4c] 



110 



112a 




110 



100 



27-25 



1020d©59554 



[S. 4d] 




27-26 



10200^59554 



#3 2002/11/12 




27-27 



